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57 ABSTRACT

A residual chlorine meter detects a pre-calibration residual
chlorine reaction amount of sample water in a detection
section, inputs a calibration standard residual chlorine stan-
dard concentration of the sample water in an input section,
determines calibration factors from data for computing the
calibration factors based on the amount and the concentra-
tion stored in a calibration factor computation data storage
section in a calibration factor computation section, and
stores the calibration factors in a calibration factor storage
section. Then, the meter detects an on-measurement residual
chlorine reaction amount of the sample water in the detec-
tion section and determines a post-calibration residual chlo-
rine concentration of the sample water from data for com-
puting the post-calibration residual chlorine concentration
based on the on-measurement residual chlorine reaction
amount and the calibration factor stored in a residual chlo-
rine concentration computation data storage section in a
residual chlorine concentration computation section.

3 Claims, 14 Drawing Sheets
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1
RESIDUAL CHLORINE METER

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a residual chlorine meter
which can measure a residual chlorine concentration in
water such as tap water, water for a pool or industrial water
easily.

(ii) Description of the Related Art

Water such as tap water, water for a pool or industrial
water is chlorinated for the sake of sanitation. To keep a
residual chlorine concentration resulting from the chlorina-
tion at an appropriate level, means for measuring the
residual chlorine concentration has been disclosed.

For instance, a residual chlorine concentration measuring
device disclosed in Patent Publication 1 comprises pH
measuring means (pH meter) and electric conductivity mea-
suring means (electric conductivity meter) and determines
calibration factors corresponding to the measured pH and
electric conductivity of sample water based on calibration
curves associated with the pH dependency and electric
conductivity dependency of an apparent residual chlorine
concentration resulting from normalization of a true value of
a residual chlorine concentration and calibrates the apparent
residual chlorine concentration of the sample water based on
the calibration factors so as to determine a true residual
chlorine concentration. The device is means for measuring a
residual chlorine concentration with excellent measurement
accuracy.

Meanwhile, a residual chlorine concentration measuring
method disclosed in Patent Publication 2 is a method using
a phosphate buffer having a more alkaline pH than 6.5
together with a liquid DPD reagent. The method is capable
of measuring a residual chlorine concentration without any
problem.

Japanese Patent Laid-Open Publication No. 9-329577

Japanese Patent Laid-Open Publication No. 2003-215119

However, the residual chlorine concentration measuring
device disclosed in Patent Publication 1 has a problem
that since the device has generally expensive measuring
means including the pH meter and the electric conduc-
tivity meter, the device as a whole becomes expensive
accordingly. Meanwhile, the residual chlorine concentra-

tion measuring method disclosed in Patent Publication 2

has a problem that it requires a high running cost and is

troublesome to use since it uses a liquid DPD reagent for
every measurement.

Thus, in view of such conventional problems, an object of
the present invention is to provide a residual chlorine meter
capable of measuring a residual chlorine concentration inex-
pensively and easily.

SUMMARY OF THE INVENTION

A residual chlorine meter of the present invention com-

prises:

a detection section,

an input section,

a calibration factor computation data storage section,

a calibration factor computation section,

a calibration factor storage section,

a residual chlorine concentration computation data storage
section, and

a residual chlorine concentration computation section,
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wherein the detection section detects the pre-calibration
residual chlorine reaction amount and on-measurement
residual chlorine reaction amount of sample water,

the input section inputs the calibration standard residual
chlorine concentration of the sample water,

the calibration factor computation data storage section stores
in advance data for computing calibration factors based
on the pre-calibration residual chlorine reaction amount
and calibration standard residual chlorine concentration
of the sample water,

the calibration factor computation section computes the
calibration factors based on the pre-calibration residual
chlorine reaction amount detected by the detection sec-
tion,

the calibration standard residual chlorine concentration
input by the input section, and the data stored in advance
in the calibration factor computation data storage section,

the calibration factor storage section stores the calibration
factors computed by the calibration factor computation
section,

the residual chlorine concentration computation data storage
section stores in advance data for computing the post-
calibration residual chlorine concentration of the sample
water based on the on-measurement residual chlorine
reaction amount of the sample water and the calibration
factor, and

the residual chlorine concentration computation section
computes the post-calibration residual chlorine concen-
tration of the sample water based on the on-measurement
residual chlorine reaction amount detected by the detec-
tion section,

the calibration factor stored in the calibration factor storage
section, and the data stored in advance in the residual
chlorine concentration computation data storage section.
Further, the input section further inputs a characteristic

value representing the characteristic of a residual chlorine

sensor, and the residual chlorine meter further comprises a

calibration factor computation data update control section

which updates the data stored in the calibration factor

computation data storage section based on the characteristic

value input by the input section.
Further, a residual chlorine meter of the present invention

comprises:

a detection section,

a calibration factor computation data storage section,

a calibration factor computation section,

a calibration factor storage section,

a residual chlorine concentration computation data storage
section, and

a residual chlorine concentration computation section,

wherein the detection section detects the pre-calibration
residual chlorine reaction amount and on-measurement
residual chlorine reaction amount of sample water,

the calibration factor computation data storage section stores
in advance data for computing calibration factors based
on the pre-calibration residual chlorine reaction amount
and calibration standard residual chlorine concentration
of the sample water,

the calibration factor computation section computes the
calibration factors based on the pre-calibration residual
chlorine reaction amount detected by the detection section
and the data stored in advance in the calibration factor
computation data storage section,

the calibration factor storage section stores the calibration
factors computed by the calibration factor computation
section,
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the residual chlorine concentration computation data storage
section stores in advance data for computing the post-
calibration residual chlorine concentration of the sample
water based on the on-measurement residual chlorine
reaction amount of the sample water and the calibration
factor, and

the residual chlorine concentration computation section
computes the post-calibration residual chlorine concen-
tration of the sample water based on the on-measurement
residual chlorine reaction amount detected by the detec-
tion section,

the calibration factor stored in the calibration factor storage
section, and the data stored in advance in the residual
chlorine concentration computation data storage section.

Further, the residual chlorine meter further comprises:
an input section, and
a calibration factor computation data update control section,
wherein the input section inputs a characteristic value rep-

resenting
the characteristic of a residual chlorine sensor, and
the calibration factor computation data update control sec-

tion updates the data stored in the calibration factor
computation data storage section based on the character-
istic value input by the input section.

Further, the calibration factor computation data storage
section includes a plurality of calibration factor computing
equations based on a selected standard residual chlorine
concentration, in the data for computing calibration factors,
the calibration factor computation section computes a plu-

rality of calibration factors based on the selected standard

residual chlorine concentration, based on the calibration
factor computing equations,

the calibration factor storage section stores the calibration
factors,

the residual chlorine concentration computation data storage
section includes a plurality of post-calibration residual
chlorine concentration computing equations based on the
selected standard residual chlorine concentration, in the
data for computing the post-calibration residual chlorine
concentration of sample water, and

the residual chlorine concentration computation section
selects one of the post-calibration residual chlorine con-
centration computing equations to compute the post-
calibration residual chlorine concentration of the sample
water.

The residual chlorine meter of the present invention, as a
preparatory stage for measurements, detects the residual
chlorine reaction amount of sample water at a site to be
inspected in the detection section, determines calibration
factors for the sample water at the site to be inspected from
data for computing the calibration factors based on the
residual chlorine reaction amount and residual chlorine
standard concentration of the sample water stored in the
calibration factor computation data storage section in the
calibration factor computation section, and stores the cali-
bration factors in the storage section. Then, as a measure-
ment stage, the residual chlorine meter detects the residual
chlorine reaction amount of the sample water at the site to
be inspected in the detection section and determines the
residual chlorine concentration of the sample water at the
site to be inspected from data for computing the post-
calibration residual chlorine concentration of the sample
water based on the on-measurement residual chlorine reac-
tion amount of the sample water and the calibration factor
stored in a residual chlorine concentration computation data
storage section in a residual chlorine concentration compu-
tation section. Therefore, influences by the pH and electric
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conductivity of sample water can be eliminated without need
for use of expensive measuring means and calibration for
each measurement.

Further, in the input section, a characteristic value repre-
senting the characteristic of the sensor is input, and in the
calibration factor computation data update control section,
the data stored in the calibration factor computation data
storage section is updated. Therefore, the device can still be
used without lowering accuracy even after the sensor is
replaced due to a failure or some other reason.

Further, in the residual chlorine concentration computa-
tion section, one of post-calibration residual chlorine con-
centration computing equations based on a selected standard
residual chlorine concentration is selected, and the post-
calibration residual chlorine concentration of the sample
water is computed. Therefore, a post-calibration residual
chlorine concentration from which influences by the pH and
electric conductivity of sample water have been eliminated
can be determined more accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external view of a residual chlorine meter
(Embodiments 1 and 2).

FIG. 2 is a block diagram showing the residual chlorine
meter (Embodiments 1 and 2).

FIG. 3 is a main flowchart in the normal mode of the
residual chlorine meter (Embodiments 1 and 2).

FIG. 4 is a diagram showing a display example in the
normal mode (Embodiments 1 and 2).

FIG. 5 is a flowchart in the calibration mode of the
residual chlorine meter (Embodiment 1).

FIG. 6 is a diagram showing a display example in the
calibration mode (Embodiment 1).

FIG. 7 is a flowchart in the replacement mode of the
residual chlorine meter (Embodiments 1 and 2).

FIG. 8 is a diagram showing a display example in the
replacement mode (Embodiments 1 and 2).

FIG. 9 is a subroutine flowchart in the normal mode of the
residual chlorine meter (Embodiment 1).

FIG. 10 is a graph showing the relationship among the
residual chlorine concentration, the residual chlorine reac-
tion amount and the pH (Embodiment 1).

FIG. 11 is a standard table showing the relationship
between the residual chlorine concentration and the residual
chlorine reaction amount (Embodiment 1).

FIG. 12 is a graph showing the relationship among the
residual chlorine concentration, the residual chlorine reac-
tion amount and the electric conductivity (Embodiment 1)

FIG. 13 is a flowchart in the calibration mode of the
residual chlorine meter (Embodiment 2).

FIG. 14 is a subroutine flowchart in the normal mode of
the residual chlorine meter (Embodiment 2).

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present inventor has paid attention to a fact that a user
of a residual chlorine meter often measures sample water at
the same site and a fact that changes in pH and electric
conductivity which are highly influential to measurement of
residual chlorine concentration are small in sample water at
the same site. The present inventor has conceived such
constitutions as described in the following Embodiments
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and achieved the present invention as a residual chlorine
meter capable of measuring a residual chlorine concentra-
tion inexpensively and easily.

[Embodiment]1

Firstly, the constitution of a residual chlorine meter (ca-
pable of calibrating the degree of influence by the pH of
sample water) of Embodiment 1 will be described by use of
a front view shown in FIG. 1 and a block diagram shown in
FIG. 2.

The residual chlorine meter of Embodiment 1 apparently
comprises a main unit 1 which has a display section 10 and
an input section 20 on the front face of a box-shaped case 4,
a sensor unit 2 which has a residual chlorine sensor 31 at the
tip of a stick-shaped case 5, and a cable 3 which connects the
sensor unit 2 to the main unit 1. The residual chlorine meter
has an electronic substrate comprising an amplifier 32, an
AD converter 33, a storage unit 50 and a microcomputer 60
and a power section 40 in the main unit 1. These components
roughly constitute the whole residual chlorine meter.

The input section 20 comprises a power (ON) button 25,
a calibration (CAL) button 24, a mode (MODE) button 23,
an UP (+) button 21 and a DOWN (-) button 22 and makes
inputs for starting, switching, setting and registration, and
the like. In particular, the power (ON) button 25 and the
calibration (CAL) button 24 make inputs for staring in a
calibration mode. The power (ON) button 25 and the mode
(MODE) button 23 make inputs for staring in a replacement
mode. The UP (+) button 21, the DOWN (-) button 22 and
the calibration (CAL) button 24 make inputs for setting and
registering the calibration standard residual chlorine con-
centration (residual chlorine concentration of sample water
measured by a DPD reagent type residual chlorine meter
(different device from the residual chlorine meter of the
present invention)) of sample water and the characteristic
value of a sensor after replacement.

The display section 10 displays an input status, measure-
ment results, various modes, remaining battery power, and
the like.

The stick-shaped case 5 of the sensor unit 2 has, in
addition to the residual chlorine sensor 31, a clip 6 for
clipping a breast pocket when carrying the meter and a
protective cap 7 for protecting the residual chlorine sensor
31 when it is not used.

The power section 40 supplies electric power to the
components in the electrical system of the present device.

The amplifier 32 amplifies the pre-calibration residual
chlorine reaction amount and on-measurement residual
chlorine reaction amount (analog signals) of sample water
which are detected by the residual chlorine sensor 31. The
AD converter 33 converts the amplified pre-calibration
residual chlorine reaction amount and on-measurement
residual chlorine reaction amount of the sample water to
digital signals. The residual chlorine sensor 31, the amplifier
32 and the AD converter 33 constitute a detection section 30.
That is, the detection section 30 detects the pre-calibration
residual chlorine reaction amount and on-measurement
residual chlorine reaction amount of sample water.

The storage unit 50 comprises a calibration factor com-
putation data storage section 51, a calibration factor storage
section 52 and a residual chlorine concentration computation
data storage section 53 and stores various data.

The calibration factor computation data storage section 51
stores data (the standard table shown in FIG. 11 and the
following computing equations (1) and (2)) for computing
calibration factors based on the pre-calibration residual
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chlorine reaction amount and calibration standard residual
chlorine concentration of sample water in advance.

KDN=VSS/VSB o)

KUP=VSS/VSB 2
In the above computing equations, KDN represents a cali-
bration factor when the concentration is lower than a
selected standard residual chlorine concentration, KUP rep-
resents a calibration factor when the concentration is equal
to or higher than the selected standard residual chlorine
concentration, VSS represents a calibration standard
residual chlorine reaction amount, and VSB represents a
pre-calibration residual chlorine reaction amount.

The calibration factor storage section 52 stores calibration
factors computed by a calibration factor computation section
61 to be described later.

The residual chlorine concentration computation data
storage section 53 stores data (the standard table shown in
FIG. 11 and the following computing equations (3), (4) and
(5)) for computing the post-calibration residual chlorine
concentration of sample water based on the on-measurement
residual chlorine reaction amount of the sample water and
the calibration factor in advance.

VSCA=VSCBxVSM/VSS 3)

VSAD=VSM/KDN )

VSAU=VSM/KUP (5)
In the above computing equations, VSCA represents a
post-calibration selected standard residual chlorine reaction
amount, VSCB represents a pre-calibration selected stan-
dard residual chlorine reaction amount, VSM represents an
on-measurement residual chlorine reaction amount, VSS
represents a calibration standard residual chlorine reaction
amount, VSAD represents a post-calibration residual chlo-
rine reaction amount when the concentration is lower than a
selected standard residual chlorine concentration, KDN rep-
resents a calibration factor when the concentration is lower
than the selected standard residual chlorine concentration,
VSAU represents a post-calibration residual chlorine reac-
tion amount when the concentration is equal to or higher
than the selected standard residual chlorine concentration,
and KUP represents a calibration factor when the concen-
tration is equal to or higher than the selected standard
residual chlorine concentration.

The reason that the computing equations (1) and (2) and
the computing equations (4) and (5) are formed as separate
equations with the selected standard residual chlorine con-
centration as a boundary is as follows. As shown in the graph
of FIG. 10, when the relationship between the residual
chlorine concentration and the residual chlorine reaction
amount is lower than the selected standard residual chlorine
concentration (which is 0.10 mg/LL in the present embodi-
ment), the slope of the graph according to the pH of sample
water changes remarkably, while when it is higher than the
selected standard residual chlorine concentration (which is
0.10 mg/LL in the present embodiment), the slope of the
graph according to the pH of the sample water remains
almost unchanged.

The microcomputer 60 comprises a calibration factor
computation section 61, a residual chlorine concentration
computation section 62 and a calibration factor computation
data update control section 63 and computes and controls
various data.
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The calibration factor computation section 61 computes
calibration factors based on the pre-calibration residual
chlorine reaction amount of sample water detected by the
detection section 30, the calibration standard residual chlo-
rine concentration of the sample water input through the
input section 20, and the data for computing the calibration
factors which are stored in advance in the calibration factor
computation data storage section 51.

More specifically, the section 61 refers to the standard
table shown in FIG. 11, specifies, as a calibration standard
residual chlorine reaction amount (VSS), a residual chlorine
reaction amount which corresponds to a residual chlorine
concentration corresponding to the calibration standard
residual chlorine concentration of the sample water input
through the input section 20, and substitutes the specified
calibration standard residual chlorine reaction amount
(VSS) and the pre-calibration residual chlorine reaction
amount (VSB) of the sample water detected by the detection
section 30 into the computing equations (1) and (2) stored in
advance in the calibration factor computation data storage
section 51 so as to compute the calibration factors (KDN and
KUP).

The residual chlorine concentration computation section
62 computes the post-calibration residual chlorine concen-
tration of the sample water based on the on-measurement
residual chlorine reaction amount of the sample water
detected by the detection section 30, the calibration factor
stored in the calibration factor storage section 52, and the
data for computing the post-calibration residual chlorine
concentration of the sample water stored in advance in the
residual chlorine concentration computation data storage
section 53.

More specifically, firstly, the section 62 refers to the
standard table shown in FIG. 11 so as to specify a pre-
calibration selected standard residual chlorine reaction
amount (VSCB) for selecting the computing equation (4) or
(5), and substitutes the specified pre-calibration selected
standard residual chlorine reaction amount (VSCB), the
calibration standard residual chlorine reaction amount
(VSS) specified in advance in the calibration factor compu-
tation section 61 and the on-measurement residual chlorine
reaction amount (VSM) of the sample water detected in
advance by the detection section 30 into the computing
equation (3) stored in advance in the residual chlorine
concentration computation data storage section 53 so as to
compute a post-calibration selected standard residual chlo-
rine reaction amount (VSCA).

Then, when the computed post-calibration selected stan-
dard residual chlorine reaction amount (VSCA) is equal to
or higher than the on-measurement residual chlorine reac-
tion amount (VSM) of the sample water detected by the
detection section 30 by the measurement after computations
of the calibration factors (VSCAZVSM), the section 62
selects the computing equation (4), while when VSCA is
lower than VSM (VSCA<VSM), the section 62 selects the
computing equation (5).

Then, the section 62 substitutes the calibration factor
(KDN or KUP) computed in advance by the calibration
factor computation section 61 and the on-measurement
residual chlorine reaction amount (VSM) of the sample
water detected by the detection section 30 by the measure-
ment after computations of the calibration factors into the
above selected computing equation (4) or (5) so as to
compute a post-calibration residual chlorine reaction
amount (VSAD or VSAU).

Then, the section 62 refers to the standard table shown in
FIG. 11 and specifies, as a post-calibration residual chlorine
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concentration, a residual chlorine concentration which cor-
responds to a residual chlorine reaction amount correspond-
ing to the post-calibration residual chlorine reaction amount
(VSAD or VSAU).

The calibration factor computation data update control
section 63 updates the data for computing the calibration
factors stored in the calibration factor computation data
storage section 51, when a characteristic value representing
the characteristic of the residual chlorine sensor 31 is input
from the input section 20.

More specifically, in the calibration factor computation
section 61, residual chlorine reaction amounts in the stan-
dard table shown in FIG. 11 are multiplied by a coefficient
corresponding to the characteristic value of a replaced
sensor 31 so as to update the standard table shown in FIG.
11 which is stored in the calibration factor computation data
storage section 51.

Next, the operations of the residual chlorine meter of the
present invention will be described by use of flowcharts
shown in FIGS. 3, 5, 7 and 9 and display examples shown
in FIGS. 4, 6 and 8.

Firstly, operations in a normal mode will be described in
detail with reference to FIGS. 3 and 4. At the press of the
power (ON) button 25, electric power is supplied from the
power section 40 to each component in the electrical system,
and the present device is activated in a residual chlorine
concentration measuring mode, thereby making possible
measurement of a residual chlorine concentration. A user
removes the protective cap 7 of the sensor unit 2, immerses
the residual chlorine sensor 31 in sample water, and mea-
sures the residual chlorine concentration while stirring the
water. Upon passage of a predetermined amount of time
(about 15 seconds) after immersion, the result of the mea-
surement is displayed as shown in FIG. 4(a) (the residual
chlorine concentration is held with “HOLD” blinking)
(STEP S1). Detailed operations in this residual chlorine
concentration measuring mode will be described later.

Then, in this residual chlorine concentration measuring
mode, if the mode (MODE) button 23 is not pressed (NO in
STEP S2), this residual chlorine concentration measuring
mode is continued. Meanwhile, if the mode (MODE) button
23 is pressed (YES in STEP S2), the present device enters
a temperature measuring mode, measures the temperature by
use of the residual chlorine sensor 31 (which also serves as
a temperature sensor) and displays the measurement result
(temperature) as shown in FIG. 4(b) (STEP S3).

Then, in this temperature measuring mode, if the mode
(MODE) button 23 is not pressed (NO in STEP S4), this
temperature measuring mode is continued. Meanwhile, if the
mode (MODE) button 23 is pressed (YES in STEP S4), the
present device enters a memory display mode and blinks a
stored data registration number (-01-) and a residual chlorine
concentration (1.23) which have been measured and stored
in the past alternately as shown in FIG. 4(c) (STEP S5). At
this point, at the press of the UP (+) button 21 or the DOWN
(=) button 22, the stored data registration number is switched
to a subsequent stored data registration number, and the
subsequent stored data registration number and a residual
chlorine concentration corresponding thereto are blinked
alternately.

Then, in this memory display mode, if the mode (MODE)
button 23 is not pressed (NO in STEP S6), this memory
display mode is continued. Meanwhile, if the mode (MODE)
button 23 is pressed (YES in STEP S6), the present device
is switched to the residual chlorine concentration measuring
mode (STEP S1) and repeats the foregoing processes.
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Secondly, operations in a calibration mode will be
described in detail with reference to FIGS. 5 and 6. At the
concurrent presses of the power (ON) button 25 and the
calibration (CAL) button 24, electric power is supplied from
the power section 40 to each component in the electrical
system, and the present device is activated in a calibration
mode, whereby “CAL” in the display section 10 blinks and
calibration can be so conducted as to obtain a result (residual
chlorine concentration) corresponding to the pH of sample
water. A user removes the protective cap 7 of the sensor unit
2, immerses the residual chlorine sensor 31 in sample water
and makes a measurement while stirring the water. Upon
passage of a predetermined amount of time (about 15
seconds) after immersion, the result of the measurement
before calibration is displayed as shown in FIG. 6(a) (the
pre-calibration residual chlorine concentration is held with
“HOLD” blinking) (STEP S11).

Then, the user measures the sample water by use of a DPD
reagent type residual chlorine meter (different device from
the residual chlorine meter of the present invention). Then,
when the thus obtained residual chlorine concentration (cali-
bration standard residual chlorine concentration) is input
from the UP (+) button 21 or the DOWN (-) button 22 of the
present residual chlorine meter, the calibration standard
residual chlorine concentration is displayed as shown in
FIG. 6(b) (STEP S12).

Then, when the calibration (CAL) button 24 is pressed,
the calibration factor computation section 61 refers to the
standard table shown in FIG. 11 and specifies, as a calibra-
tion standard residual chlorine reaction amount (VSS), a
residual chlorine reaction amount which corresponds to a
residual chlorine concentration corresponding to the cali-
bration standard residual chlorine concentration input from
the UP (+) button 21 or the DOWN (-) button 22. Then, the
section 61 substitutes the specified calibration standard
residual chlorine reaction amount (VSS) and the pre-cali-
bration residual chlorine reaction amount (VSB) of the
sample water detected by the detection section 30 in STEP
S11 into the computing equations (1) and (2) stored in
advance in the calibration factor computation data storage
section 51 so as to compute calibration factors (KDN and
KUP) (STEP S13).

Then, the calibration factor storage section 52 stores the
calibration factors (KDN and KUP) computed by the cali-
bration factor computation section 61 (STEP S14).

Thirdly, operations in a replacement mode will be
described in detail with reference to FIGS. 7 and 8. At the
concurrent presses of the power (ON) button 25 and the
mode (MODE) button 23, electric power is supplied from
the power section 40 to each component in the electrical
system, and the present device is activated in a replacement
mode, whereby “CAL” and “O” in the display section 10
blink simultaneously as shown in FIG. 8(a) and the char-
acteristic value of a newly replaced residual chlorine sensor
31 can be set and registered. Then, when the characteristic
value of the replaced residual chlorine sensor 31 is input
from the UP (+) button 21 or the DOWN (-) button 22, the
characteristic value of the replaced residual chlorine sensor
31 is displayed as shown in FIG. 8(4) (STEP S21).

Then, when the calibration (CAL) button 24 is pressed,
the calibration factor computation data update control sec-
tion 63 updates data for computing calibration factors based
on the residual chlorine reaction amount and residual chlo-
rine standard concentration of sample water, by the charac-
teristic value of the replaced residual chlorine sensor 31.
More specifically, in the calibration factor computation
section 61, residual chlorine reaction amounts in the stan-
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dard table shown in FIG. 11 are multiplied by a coeflicient
corresponding to the characteristic value of the replaced
residual chlorine sensor 31 so as to update the standard table
shown in FIG. 11 which is stored in the calibration factor
computation data storage section 51 (STEP S22).

Fourthly, operations in the residual chlorine concentration
measuring mode described with respect to the above normal
mode will be described in detail with reference to FIG. 9.
When the power (ON) button 25 is pressed, the present
device is activated in the residual chlorine concentration
measuring mode and the residual chlorine sensor 31 is
immersed in sample water, the residual chlorine reaction
amount of the sample water is output from the detection
section 30 (STEP S31)

Then, the residual chlorine concentration computation
section 62 firstly refers to the standard table shown in FIG.
11 to specify a pre-calibration selected standard residual
chlorine reaction amount (VSCB) for selecting the comput-
ing equation (4) or (5), and substitutes the specified pre-
calibration selected standard residual chlorine reaction
amount (VSCB), the calibration standard residual chlorine
reaction amount (VSS) specified in advance in the calibra-
tion factor computation section 61 and the on-measurement
residual chlorine reaction amount (VSM) of the sample
water detected in advance by the detection section 30 into
the computing equation (3) stored in advance in the residual
chlorine concentration computation data storage section 53
so as to compute a post-calibration selected standard
residual chlorine reaction amount (VSCA) (STEP S32).

Then, when the computed post-calibration selected stan-
dard residual chlorine reaction amount (VSCA) is equal to
or higher than the on-measurement residual chlorine reac-
tion amount (VSM) of the sample water detected by the
detection section 30 by the measurement after computations
of the calibration factors (VSCAZVSM), the section 62
selects the computing equation (4), while when VSCA is
lower than VSM (VSCA<VSM), the section 62 selects the
computing equation (5) (STEP S33).

Then, the section 62 substitutes the calibration factor
(KDN or KUP) computed in advance by the calibration
factor computation section 61 and the on-measurement
residual chlorine reaction amount (VSM) of the sample
water detected by the detection section 30 by the measure-
ment after computations of the calibration factors into the
above selected computing equation (4) or (5) so as to
compute a post-calibration residual chlorine reaction
amount (VSAD or VSAU) (STEP S34).

Then, the section 62 refers to the standard table shown in
FIG. 11 and specifies, as a post-calibration residual chlorine
concentration, a residual chlorine concentration which cor-
responds to a residual chlorine reaction amount correspond-
ing to the post-calibration residual chlorine reaction amount
(VSAD or VSAU) (STEP S35).

Then, the section 62 displays the specified post-calibra-
tion residual chlorine concentration (STEP S36).

As described above, as a preparatory stage for measure-
ments, the residual chlorine meter in the first embodiment
detects the pre-calibration residual chlorine reaction amount
of sample water in the detection section 30, inputs a cali-
bration standard residual chlorine concentration in the input
section 20, determines calibration factors from data for
computing the calibration factors based on the pre-calibra-
tion residual chlorine reaction amount and calibration stan-
dard residual chlorine standard concentration of the sample
water stored in the calibration factor computation data
storage section 51 in the calibration factor computation
section 61, and stores the calibration factors in the calibra-



US 7,110,887 B2

11

tion factor storage section 52. Then, as a measurement stage,
the residual chlorine meter detects the on-measurement
residual chlorine reaction amount of the sample water in the
detection section 30 and determines the post-calibration
residual chlorine concentration of the sample water from
data for computing the post-calibration residual chlorine
concentration of the sample water based on the on-measure-
ment residual chlorine reaction amount of the sample water
and the calibration factor stored in the residual chlorine
concentration computation data storage section 53 in the
residual chlorine concentration computation section 62,
thereby calibrating the degree of influence by the pH of the
sample water.

[Embodiment]2

Firstly, the constitution of a residual chlorine meter (ca-
pable of calibrating the degree of influence by the electric
conductivity of sample water) of the present invention will
be described by use of a front view shown in FIG. 1 and a
block diagram shown in FIG. 2. As shown in FIGS. 1 and 2,
the constituents of the residual chlorine meter of Embodi-
ment 2 are the same as those of the residual chlorine meter
of Embodiment 1. Thus, only different constituents therebe-
tween will be described in detail.

The calibration factor computation data storage section 51
stores in advance data (the following computing equations
(6) and (7)) for computing calibration factors based on the
pre-calibration residual chlorine reaction amount and cali-
bration standard residual chlorine standard concentration of
sample water.

KDN=/VDS/A-VSB (6

KUP=VVDS/C-VSB-VSCB (7
In the above computing equations, KDN represents a cali-
bration factor when the concentration is lower than a
selected standard residual chlorine concentration, KUP rep-
resents a calibration factor when the concentration is equal
to or higher than the selected standard residual chlorine
concentration, VDS represents a calibration standard
residual chlorine concentration (which is 0 mg/L. in the
present embodiment because the present embodiment uses
sample water without a residual chlorine concentration as a
standard), A and C represent coefficients (specified values),
VSB represents a pre-calibration residual chlorine reaction
amount, and VSCB represents a pre-calibration selected
standard residual chlorine reaction amount (specified value).

The residual chlorine concentration computation data
storage section 53 stores in advance data (the following
computing equations (8) and (9), and a selected standard
residual chlorine reaction amount (VSC) corresponding to a
selected standard residual chlorine concentration) for com-
puting the post-calibration residual chlorine concentration of
the sample water based on the on-measurement residual
chlorine reaction amount of the sample water and the
calibration factor.

VDAD=A(VSM-KDN)? ®

VDAU=C(VSM-KUPY*+VDSS )
In the above computing equations, VDAD represents a
post-calibration residual chlorine concentration when the
concentration is lower than a selected standard residual
chlorine concentration, VDAU represents a post-calibration
residual chlorine concentration when the concentration is
equal to or higher than the selected standard residual chlo-
rine concentration, A and C represent coefficients (specified
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values), VSM represents an on-measurement residual chlo-
rine reaction amount, KDN represents a calibration factor
when the concentration is lower than the selected standard
residual chlorine concentration, KUP represents a calibra-
tion factor when the concentration is equal to or higher than
the selected standard residual chlorine concentration, and
VDSS represents the selected standard residual chlorine
concentration (which is 0.20 mg/LL in the present embodi-
ment).

The reason that the computing equations (6) and (7) and
the computing equations (8) and (9) are formed as separate
equations with the selected standard residual chlorine con-
centration as a boundary is as follows. That is, as shown in
the graph of FIG. 12, the slope of the graph representing the
relationship between the residual chlorine concentration and
the residual chlorine reaction amount changes at the selected
standard residual chlorine concentration (which is 0.20 mg/L,
in the present embodiment).

The calibration factor computation section 61 computes
calibration factors based on the pre-calibration residual
chlorine reaction amount of sample water detected by the
detection section 30 and the data stored in advance in the
calibration factor computation data storage section 51.

More specifically, the calibration mode is activated by the
input section 20, and the section 61 substitutes the pre-
calibration residual chlorine reaction amount (VSB) of the
sample water detected by the detection section 30 into the
computing equations (6) and (7) stored in advance in the
calibration factor computation data storage section 51 so as
to compute the calibration factors (KDN and KUP).

The residual chlorine concentration computation section
62 computes the post-calibration residual chlorine concen-
tration of the sample water based on the on-measurement
residual chlorine reaction amount of the sample water
detected by the detection section 30, the calibration factor
stored in the calibration factor storage section, and the data
stored in advance in the residual chlorine concentration
computation data storage section 53.

More specifically, firstly, when the selected standard
residual chlorine reaction amount (VSC) stored in advance
in the residual chlorine concentration computation data
storage section 53 is equal to or higher than the on-mea-
surement residual chlorine reaction amount (VSM) of the
sample water detected by the detection section 30
(VSC=VSM), the section 62 selects the computing equation
(8), while when VSC is lower than VSM (VSC<VSM), the
section 62 selects the computing equation (9).

Then, the section 62 substitutes the calibration factor
(KDN or KUP) computed in advance by the calibration
factor computation section 61 and the on-measurement
residual chlorine reaction amount (VSM) of the sample
water detected by the detection section 30 by the measure-
ment after computations of the calibration factors into the
above selected computing equation (8) or (9) to compute a
post-calibration residual chlorine concentration (VDAD or
VDAU).

Next, the operations of the residual chlorine meter of
Embodiment 2 will be described by use of flowcharts shown
in FIGS. 13 and 14. The residual chlorine meter of Embodi-
ment 2 also undergoes the same processes in the flowcharts
shown in FIGS. 3 and 7 as those which the residual chlorine
meter of Embodiment 1 undergoes. Hence, detailed descrip-
tions of the processes will be omitted.

Firstly, operations in a calibration mode will be described
in detail with reference to FIG. 13. At the concurrent presses
of the power (ON) button 25 and the calibration (CAL)
button 24, electric power is supplied from the power section
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40 to each component in the electrical system, and the
present device is activated in a calibration mode, whereby
“CAL” in the display section 10 blinks and calibration can
be so conducted as to obtain a result (residual chlorine
concentration) corresponding to the electric conductivity of
sample water. Auser removes the protective cap 7 of the
sensor unit 2, immerses the residual chlorine sensor 31 in
sample water which has been boiled, left to stand, purified
or subjected to other treatment so as to remove residual
chlorine therefrom (i.e., adjust the residual chlorine concen-
tration to 0 mg/[L) and makes a measurement while stirring
the water (STEP S101).

Then, after passage of a predetermined amount of time
(about 15 seconds) after immersion, the calibration factor
computation section 61 substitutes the pre-calibration
residual chlorine reaction amount (VSB) of the sample water
detected by the detection section 30 into the computing
equations (6) and (7) stored in advance in the calibration
factor computation data storage unit 51 so as to compute
calibration factors (KDN and KUP) (STEP S102).

Then, the calibration factor storage section 52 stores the
calibration factors (KDN and KUP) computed by the cali-
bration factor computation section 61 (STEP S103).

Fourthly, operations in the residual chlorine concentration
measuring mode described with respect to the above normal
mode will be described in detail with reference to FIG. 14.
When the power (ON) button 25 is pressed, the present
device is activated in the residual chlorine concentration
measuring mode and the residual chlorine sensor 31 is
immersed in sample water, the on-measurement residual
chlorine reaction amount of the sample water is output from
the detection section 30 (STEP S111).

Then, the residual chlorine concentration computation
section 62 compares the on-measurement residual chlorine
reaction amount (VSM) of the sample water detected by the
detection section 30 with the selected standard residual
chlorine reaction amount (VSC) stored in advance in the
residual chlorine concentration computation data storage
section 53. When VSC is equal to or higher than VSM
(VSC=VSM), the section 62 selects the computing equation
(8), while when VSC is lower than VSM (VSC<VSM), the
section 62 selects the computing equation (9) (STEP S112).

Then, the section 62 substitutes the calibration factor
(KDN or KUP) computed in advance by the calibration
factor computation section 61 and the on-measurement
residual chlorine reaction amount (VSM) of the sample
water detected by the detection section 30 by the measure-
ment after computations of the calibration factors into the
above selected computing equation (8) or (9) so as to
compute a post-calibration residual chlorine concentration
(VDAD or VDAU) (STEP S113).

Then, the section 62 displays the specified post-calibra-
tion residual chlorine concentration (STEP S114).

As described above, as a preparatory stage for measure-
ments, the residual chlorine meter in the second embodiment
detects the pre-calibration residual chlorine reaction amount
of sample water in the detection section 30, determines
calibration factors from data for computing the calibration
factors based on the pre-calibration residual chlorine reac-
tion amount and residual chlorine standard concentration of
the sample water stored in the calibration factor computation
data storage section 51 in the calibration factor computation
section 61, and stores the calibration factors in the calibra-
tion factor storage section 52. Then, as a measurement stage,
the residual chlorine meter detects the on-measurement
residual chlorine reaction amount of the sample water in the
detection section 30 and determines the post-calibration

20

25

30

35

40

45

50

55

60

65

14

residual chlorine concentration of the sample water from
data for computing the post-calibration residual chlorine
concentration of the sample water based on the on-measure-
ment residual chlorine reaction amount of the sample water
and the calibration factor stored in the residual chlorine
concentration computation data storage section 53 in the
residual chlorine concentration computation section 62,
thereby calibrating the degree of influence by the electric
conductivity of the sample water.

The residual chlorine meter of the present invention may
be so constituted as to perform the operations of Embodi-
ments 1 and 2. In that case, the present residual chlorine
meter is capable of calibrating the degree of influence by the
pH and electric conductivity of sample water.

What is claimed is:

1. A residual chlorine meter comprising:

a detection section;

an input section;

a calibration factor computation data storage section;

a calibration factor computation section;

a calibration factor storage section;

a residual chlorine concentration computation data stor-

age section; and

a residual chlorine concentration computation section;

wherein the detection section is for detecting a pre-

calibration residual chlorine reaction amount and an
on-measurement residual chlorine reaction amount of
sample water;

wherein the input section is for selecting a calibration

standard residual chlorine concentration of the sample
water;

wherein the calibration factor computation data storage

section is for storing, in advance, a standard table
showing a relationship between a residual chlorine
concentration and a residual chlorine reaction amount
and including a selected standard residual chlorine
concentration that indicates a borderline at which the
trend in the relationship changes prominently; a com-
puting equation for computing a calibration factor
when the concentration is lower than the selected
standard residual chlorine concentration, based on the
pre-calibration residual chlorine reaction amount and
the calibration standard residual chlorine concentra-
tion; and a computing equation for computing a cali-
bration factor, when the concentration is equal to or
higher than the selected standard residual chlorine
concentration, based on the pre-calibration residual
chlorine reaction amount and the calibration standard
residual chlorine concentration;

wherein the calibration factor computation section refers

to the standard table stored in the calibration factor
computation data storage section to specify, as a cali-
bration standard residual chlorine reaction amount, a
residual chlorine reaction amount corresponding to a
residual chlorine concentration corresponding to the
calibration standard residual chlorine concentration of
the sample water selected via the input section, and
substitutes the specified calibration standard residual
chlorine reaction amount and the pre-calibration
residual chlorine reaction amount of the sample water
into the computing equation for computing a calibra-
tion factor for when the concentration is lower than the
selected standard residual chlorine concentration and
into the computing equation for computing a calibra-
tion factor for when the concentration is equal to or
higher than the selected standard residual chlorine
concentration, to compute the calibration factor when
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the concentration is lower than the selected standard
residual chlorine concentration and the calibration fac-
tor when the concentration is equal to or higher than the
selected standard residual chlorine concentration;

wherein the calibration factor storage section stores the

calibration factor for when the concentration is lower
than the selected standard residual chlorine concentra-
tion and the calibration factor for when the concentra-
tion is equal to or higher than the selected standard
residual chlorine concentration that have been com-
puted by the calibration factor computation section;

wherein the residual chlorine concentration computation

data storage section is for storing, in advance, a stan-
dard table showing a relationship between a residual
chlorine concentration and a residual chlorine reaction
amount and including a pre-calibration selected stan-
dard residual chlorine reaction amount corresponding
to a selected standard residual chlorine concentration
that indicates a borderline at which the trend in the
relationship changes prominently; a computing equa-
tion for computing a post-calibration selected standard
residual chlorine reaction amount based on the pre-
calibration selected standard residual chlorine reaction
amount, the on-measurement residual chlorine reaction
amount, and the calibration standard residual chlorine
reaction amount; a computing equation for computing
a post-calibration residual chlorine reaction amount
when the concentration is lower than the selected
standard residual chlorine concentration based on the
on-measurement residual chlorine reaction amount and
the calibration factor when the concentration is lower
than the selected standard residual chlorine concentra-
tion; and a computing equation for computing a post-
calibration residual chlorine reaction amount when the
concentration is equal to or higher than the selected
standard residual chlorine concentration based on the
on-measurement residual chlorine reaction amount and
the calibration factor for when the concentration is
equal to or higher than the selected standard residual
chlorine concentration; and

wherein the residual chlorine concentration computation

section refers to the standard table stored in the residual
chlorine concentration computation data storage sec-
tion to specify a pre-calibration selected standard
residual chlorine reaction amount, substitutes the speci-
fied pre-calibration selected standard residual chlorine
reaction amount, the calibration standard residual chlo-
rine reaction amount specified by the calibration factor
computation section and the on-measurement residual
chlorine reaction amount of the sample water into the
computing equation for computing a post-calibration
selected standard residual chlorine reaction amount that
has been stored in the residual chlorine concentration
computation data storage section to compute the post-
calibration selected standard residual chlorine reaction
amount, substitutes the on-measurement residual chlo-
rine reaction amount of the sample water and the
calibration factor for when the concentration is lower
than the selected standard residual chlorine concentra-
tion into the computing equation for computing a
post-calibration residual chlorine reaction amount
when the concentration is lower than the selected
standard residual chlorine concentration to compute the
post-calibration residual chlorine reaction amount
when the concentration is lower than the selected
standard residual chlorine concentration, when the
computed post-calibration selected standard residual
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chlorine reaction amount is higher than the on-mea-
surement residual chlorine reaction amount of the
sample water, substitutes the on-measurement residual
chlorine reaction amount of the sample water and the
calibration factor for when the concentration is equal to
or higher than the selected standard residual chlorine
concentration into the computing equation for comput-
ing a post-calibration residual chlorine reaction amount
when the concentration is equal to or higher than the
selected standard residual chlorine concentration to
compute the post-calibration residual chlorine reaction
amount when the concentration is equal to or higher
than the selected standard residual chlorine concentra-
tion, and when the computed post-calibration selected
standard residual chlorine reaction amount is lower
than the on-measurement residual chlorine reaction
amount of the sample water, refers to the standard table
stored in the residual chlorine concentration computa-
tion data storage section to specify, as a post-calibration
residual chlorine concentration, a residual chlorine
concentration corresponding to the computed post-
calibration residual chlorine reaction amount when the
concentration is lower than the selected standard
residual chlorine concentration or the computed post-
calibration residual chlorine reaction amount when the
concentration is equal to or higher than the selected
standard residual chlorine concentration.

The residual chlorine meter of claim 1, further com-

prising a calibration factor computation data update control
section;
wherein the detection section comprises a residual chlo-

rine sensor, an amplifier, and an AD converter;

wherein the residual chlorine sensor is replaceable;
wherein the input section is for selecting a factor corre-

sponding to a characteristic value that represents the
post-replacement characteristic of the residual chlorine
sensor; and

wherein the calibration factor computation data update

o oo o® D W

a

control section is for updating the standard table stored
in the calibration factor computation data storage sec-
tion by multiplying a residual chlorine reaction amount
in the standard table by the factor corresponding to a
characteristic value that represents the post-replace-
ment characteristic of the residual chlorine sensor that
has been input by the input section.

A residual chlorine meter comprising:

detection section;

calibration factor computation data storage section;
calibration factor computation section;

calibration factor storage section;

residual chlorine concentration computation data stor-
age section; and

residual chlorine concentration computation section;

wherein the detection section is for detecting a pre-

calibration residual chlorine reaction amount and an
on-measurement residual chlorine reaction amount of
sample water;

wherein the calibration factor computation data storage

section is for storing, in advance, a computing equation
for computing a calibration factor for when the con-
centration is lower than a selected standard residual
chlorine concentration based on the pre-calibration
residual chlorine reaction amount and a predetermined
calibration standard residual chlorine concentration,
and a computing equation for computing a calibration
factor for when the concentration is equal to or higher
than the selected standard residual chlorine concentra-
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tion based on the pre-calibration residual chlorine reac-
tion amount and a predetermined pre-calibration
selected standard residual chlorine reaction amount;
wherein the calibration factor computation section sub-
stitutes the pre-calibration residual chlorine reaction
amount of the sample water into the computing equa-
tion for computing a calibration factor for when the
concentration is lower than the selected standard
residual chlorine concentration, and into the computing
equation for computing a calibration factor for when
the concentration is equal to or higher than the selected
standard residual chlorine concentration, to compute
the calibration factor for when the concentration is
lower than the selected standard residual chlorine con-
centration and the calibration factor for when the
concentration is equal to or higher than the selected
standard residual chlorine concentration;

wherein the calibration factor storage section stores the

calibration factor for when the concentration is lower
than the selected standard residual chlorine concentra-
tion and the calibration factor for when the concentra-
tion is equal to or higher than the selected standard
residual chlorine concentration that have been com-
puted by the calibration factor computation section;

wherein the residual chlorine concentration computation

data storage section is for storing, in advance, a com-
puting equation for computing a post-calibration
residual chlorine concentration based on the selected
standard residual chlorine concentration that indicates a
borderline at which the trend in the relationship
between a residual chlorine concentration and a
residual chlorine reaction amount changes prominently,
a selected standard residual chlorine reaction amount
which corresponds to the selected standard residual
chlorine concentration, the on-measurement residual
chlorine reaction amount and the calibration factor for
when the concentration is lower than the selected
standard residual chlorine concentration; and a com-
puting equation for computing a post-calibration
residual chlorine concentration when the concentration
is equal to or higher than the selected standard residual
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chlorine concentration based on the on-measurement
residual chlorine reaction amount, the calibration factor
for when the concentration is equal to or higher than the
selected standard residual chlorine concentration, and
the selected standard residual chlorine concentration;

wherein the residual chlorine concentration computation

section substitutes the on-measurement residual chlo-
rine reaction amount of the sample water and the
calibration factor for when the concentration is lower
than the selected standard residual chlorine concentra-
tion into the computing equation for computing a
post-calibration residual chlorine concentration when
the concentration is lower than the selected standard
residual chlorine concentration to compute the post-
calibration residual chlorine concentration when the
concentration is lower than the selected standard
residual chlorine concentration; and

wherein, when the selected standard residual chlorine

reaction amount stored in the residual chlorine concen-
tration computation data storage section is higher than
the on-measurement residual chlorine reaction amount
of the sample water, the residual chlorine concentration
computation section substitutes the on-measurement
residual chlorine reaction amount of the sample water
and the calibration factor for when the concentration is
equal to or higher than the selected standard residual
chlorine concentration into the computing equation for
computing a post-calibration residual chlorine concen-
tration when the concentration is equal to or higher than
the selected standard residual chlorine concentration, to
compute the post-calibration residual chlorine concen-
tration when the concentration is equal to or higher than
the selected standard residual chlorine concentration
when the selected standard residual chlorine reaction
amount stored in the residual chlorine concentration
computation data storage section is lower than the
on-measurement residual chlorine reaction amount of
the sample water.



